We suggest searching for excited charmonium states in e + e − annihilation at √ s = 10.6 GeV via double charmonium production. In particular, for the C=+ states, the χ c0 (2P ) and η c (3S) may have appreciable potentials to be observed; while for the C=-states, the η c h c production might provide an opportunity for observing the h c in the future. PACS number(s): 12.40. Nn, 13.85.Ni, 14.40.Gx 
Charmonium spectroscopy has become a challenging topic in hadron physics and QCD, because of the recent findings of possible new charmonium states (for recent experimental and theoretical reviews and discussions, see e.g. [1, 2, 3, 4] and references therein). Among others, for the puzzling state X(3872), possible assignments of 1 3 D 2 , 1 3 D 3 and 2 3 P 1 , 3 1 S 0 charmonium states have been suggested, and it will be helpful to search for those states in other experiments and to clarify these assignments; The measured mass splitting between ψ(2S) and η c (2S) is about 50 MeV, which is smaller than most theoretical predictions, and it will be useful to search for the η c (3S) to see what will be the mass splitting between ψ(3S) = ψ(4040) and η c (3S), and this may be particularly interesting since the η c (3S) could lie above ψ(3S) = ψ(4040) whose mass might be lowered by coupling to the nearby D * D * decay channel (note that the energy level spacing between ψ(3S) = ψ(4040) and ψ(2S) = ψ(3686) is smaller than that between ψ(4S) = ψ(4414) and ψ(3S) = ψ(4040), which is in contradiction with any potential model calculations unless the coupled channel effects are considered or the assignments for ψ(3S) = ψ(4040) and ψ(4S) = ψ(4414) are incorrect). The mass spectrum of excited charmonium states will certainly provide important information on interquark forces and confinement. In addition, the decay and production of these states will also be very important in understanding the underlying theory of strong interaction -perturbative and nonperturbative QCD.
B meson decays have proven to be very useful processes to find new charmonium states. Aside from the B meson decay, e + e − annihilation at √ s = 10.6 GeV could also be a very useful process in finding the excited charmonium states, since the recent Belle experiments [8, 9] have found unusually strong signals for the double charmonuim production from the e + e − continuum, e.g., e + e − → J/ψη c , J/ψχ c0 , J/ψη c (2S) and e + e − → ψ(2S)η c , ψ(2S)χ c0 , ψ(2S)η c (2S). Theoretically, the calculated cross sections for these processes based on NRQCD (or more generally on pQCD) are an order of magnitude smaller than the experiments [10, 11, 12] . This is a big issue in charmonium physics and NRQCD, and no satisfactory resolution to this problem has been given so far. Nevertheless, we find that the calculated relative production rates of these processes are roughly compatible with the Belle data (in particular for those associated with ψ(2S), where cross sections with all charged decays for η c , η c (2S), and χ c0 are measured). So, we may use the same method as in the previous work to calculate the production rates for the excited charmonium states in e + e − annihilation into double charmonia, but only pay attention to the relative rates for these production processes. We hope the calculation will make sense in predicting the relative production rates for those excited charmonium states, and it can be tested by experiments. This will be useful not only in the search for those excited charmonium states, but also in understanding the production mechanism itself. If the predicted relative production rates turn out to be consistent with experiments, it is likely that the NRQCD factorization treatment for these processes probably makes sense and only an overall enhancement factor is needed and should be clarified in further theoretical considerations. In the following, we will calculate the production cross sections for various excited charmonium states in e + e − annihilation at √ s = 10.6 GeV as in /citeliu (for simplicity we will neglect the contribution of pure electromagnetic processes).
Following the NRQCD factorization formalism [5] , the scattering amplitude of double charmonia production can be described as
where 3j;3k
and LL z ; SS z | JJ z are respectively the color-SU(3), spin-SU(2), and angular momentum Clebsch-Gordon coefficients for QQ pairs projecting out appropriate bound states.
)) is the scattering amplitude for double QQ production and A α is the derivative of the amplitude with respect to the relative momentum between the quark and anti-quark in the bound state. The coefficients C L ψ and C L can be related to the radial wave function of the bound states or its derivative with respect to the relative spacing as
We introduce the spin projection operators P SSz (p, q) as [6, 7] P SSz (p, q) ≡
Expanding P SSz (P, q) in terms of the relative momentum q, we get the projection operators and their derivatives, which will be used in our calculation, as follows
In the two S-wave (nS and mS) case, the cross section for e
where θ is the scattering angle between p 1 and p 3 , |M | 2 is as follows
In the calculation of the short distance coefficients, the quark and anti-quark are all on mass shell. For the phase space integration, m 3 and m 4 are the physical masses of the final state particles. The Mandelstam variables are defined as
In the one S-wave (nS) and one P-wave (mP) case, the cross section for e
For the ψχ c0 and η c h c production |M| 2 are given in Eq. (14) and Eq. (15) 
|M ηchc | 2 = 2048(8192m 10 + 1024m
In the two P-wave (nP and mP) case, the cross section for e
For the χ c0 h c production |M| 2 reads
In the numerical calculations, we choose √ s = 10.6GeV, m c = 1.5GeV, α s = 0.26,
. The physical masses of final state particles are taken to be m(η c (1S)) = 2.980 GeV, m(η c (2S)) = 3.640 GeV, m(J/ψ(1S)) = 3.097 GeV, m(ψ(2S)) = 3.686 GeV, m(χ c0 (1P )) = 3.415 GeV, m(h c (1P )) = 3.526 GeV [19] . The numerical results are σ(e
σ(e + + e − → J/ψ(1S) + χ c0 (1P )) = 6.9 fb, (20)
σ(e + + e − → ψ(2S) + η c (2S)) = 2.5 fb,
σ(e
For the 2P-states, according to most potential model estimates we set m H 2P = 3.90 − 4.00 GeV. The differences in the phase space integration due to different choice of the physical mass in this mass range is negligible, the corresponding cross sections are found to be
σ(e + + e − → ψ(2S) + χ c0 (2P )) = 6.6 fb,
For the 3S-state η c (3S), we set m H 3S = 3.95 − 4.10 GeV, and the cross sections are
Based on the above results we make the following observations: (1) . The calculated relative production rates for e + e − → ψ(2S)η c , ψ(2S)χ c0 , ψ(2S)η c (2S) are roughly compatible with the new Belle measurements [9] (see also [10] ), assuming the decay branching ratios into all charged particles are the same for η c , η c (2S), and χ c0 .
(2). The calculated relative production rates for e + e − → J/ψχ c0 (2P ), J/ψ(2S)η c (3S) and e + e − → ψ(2S)χ c0 (2P ), ψ(2S)η c (3S) are large, and these two states may be observable in the mass range m 2P = 3.90 − 4.00 GeV and m 3S = 3.95 − 4.10 GeV respectively. Both of them are above the OZI allowed threshold, but unlike the χ c0 (2P ) the η c (3S) can not decay to DD pair, which may distinguish between these two states experimentally.
(3). The The calculated relative production rate for e + e − → h c η c is not zero. This differs from the result given in [10] , and the h c might be observable via this channel with high statistics in the future.
